This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



\ 9 2004 } 

L 

c 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 

1/23 



+ 



illumination system 

(o,p) 
I 







Source 





Illumination 

optics 
(condenser) 



Source 
plane 



L 



(x 



y) 



projection system 
I 1 




Object 
plane 

I 



(u,v) 

I 
I 



Image 
plane 



L 



J 



photomask (reticle) 
FIG. 1 



wafer + photoresist 




Source 
plane 



normally-incident ( x,v ) 
plane wave (a,(3)=(0,0) 



Illumination 
_ optics 
TcondenserJ 




optical axis 
_>* 



Object 
plane 



obliquely-incident 
plane wave whose 
propagation direction 
depends on source coordinates (a,p) 



FIG. 2A 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. DM. No. UCALP016) 



2/23 



5X reduction 



1X reduction 



Illumination optics 
(condenser) 




Illumination optics 
(condenser) 



NA=0.25 
-29° 



' yC 60° „Z\ ' 

/ NA=0.5 \ 



Imaging optics 
(projector) 



Imaging optics 
(projector) 




NT NA=0.5 / 



FIG. 2B 



\ \ \ ,\ \ \ 



\ \ \ 



\ \ \ 
\ \ \ \ \ \ 



\ \ \ 



incident light 



\ \ \ 



\ \ \ 



incident light 



incident light 



\ \ \ M M M 



incident light 



FIG. 4 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 

3/23 




d etch$1 80deg 



FIG. 3 A 



FIG. 3B 



E-field 
1 



E-field 
A 

1-- 



^ 0 



FIG. 3C 



FIG. 3D 



Image Image 




FIG. 3E FIG. 3F 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



4/23 



+ 



50nm 



zzzzzzzza^ 

Z A t 400nm 
A 80mn Cr 

FIG. 5A 



180 



deg 



?i=193nm 



E y (TE) 



vzzzzzzzzm 



80nm Cr 



50ngi 



FIG. 5B 



± 



180deg 








2 












1° 
0 o 


1 




0.5 0 0.S 

pin (4X) 



I 1.5 



FIG. 5C 



FIG. 5D 




0 0.5 
^(4X) 



i 
1 



O 

I 




-0.03 -0.02 -0.01 0 0.01 0.02 0.03 

K W 



F/G. 5E 



F/G. 5F 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt No. UCALP016) 



5/23 



+ 



50nm- 



± 



T 180deg 

400nm J 

80mn Cr 

FIG. 6A 



A=193nm 
E x (TM) 



i 50n_jTTr- 



80nm Cr 



180deg 

I 



FIG. 6B 




a 



-0.5 0 0.5 

Urn <4X) 



-1.5 



05 



0 0.5 
Mm (4X) 



FIG. 6C 



FIG. 6D 




-0.5 0 0.5 

Hm(4X) 



£2 

1 

a 

o 

u 



o 

•8 
3 

I 



16 
12 

8 
4 
0 



-G>- true field 

synthesized field 



-L^ns-^pw^Fti i 

th 




0.03 -0.02 -0.01 0 0.01 0.02 0.03 
Mnm)-' 



FIG. 6E 



FIG. 6F 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 




U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



7/23 



+ 




i 



wzzzzzzzzzzzn 



± 



] 



80nm Cr 



etched depth (deg) 




Odeg 

180deg 

• 360deg 

— k-mask 



0 0.5 
X-position (|um) 



FIG. 8A 



"O 
(D 
N 

15 

E 

O 

0) ^ 

-gO 

"o. 
E 
< 



1.5 



TM 



Odeg 

180deg 

• »■■• 360deg 
k-mask 



5 
0 

-0.5 0 0.5 

X-position (|nm) 

FIG. 8B 



undercut (UE) 



± 




XZZZZZZZZZZZZZA 



T 

80nm Cr 



1 80deg 



<D 

N 
15 

E 

i 

o 

"20 



Q. 

E 
< 




— UE=0nm 

UE=26nm 

UE=50nm 

UE=75nm 



-0.5 0 0.5 

X-position (fxim) 
FIG. 8C 



0) 
N 

15 

E 
i— 

o 

CD 

"§0.5 

*^ 

"o. 
E 

< 0 



TM 






j - 






UE=0nm 






¥ 


UE»25nm 
















UE=75nm 









-0.5 0 0.5 

X-position (|im) 

FIG. 8D 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt No. UCALP016) 



8/23 



+ 




0 0.5 1 

X-position (jim) 

FIG. 9 A 



0 0.5 
X-position (urn) 

FIG. 9B 




0 0.5 
X-position (|im) 

FIG. 9C 



0 0.5 
X-position (jim) 

FIG. 9D 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



9/23 



+ 





+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



10/23 




u ~ ~ n t» - - -g-jr 

% ^ go It 




4> 

In 

H 











































Lt= 


=i — ;. /raj 












00? uin) uo jijsod - a 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. DM. No. UCALP016) 




Hm(4X) 

FIG. 12C 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



12/23 



+ 




Propagated orders 

03 



k,. (nm)* 1 

F/G. 13A 



O 
o I 



© 
o 



o I 
o 



O 



f P !! 

K Collected orders * 



-0.03 -0.01 0.01 
(nm) 1 

F/G. 73C 



0.03 




^-0.03 -0.01 



0.01 0.03 



0.04 



kjj (nm)* 1 

F/G. 1 3B 



NMSE(propa gated orders) = 2.2% 



NMSE(colIected orders) - 2e-4 



0 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



13/23 



+ 



E„ (TE) 



t 




0 

\im (4X) 



1.5 



1.3 



0 



3 



E„(TE) 



^-1.5 



t 




0 

Jim (4X) 



1.5 



FIG. 14A 



FIG. 14B 




NMSE(total 3x3nm window) = 0. 1% 
NMSE(0.4xO.4nm window) = 2% 



FIG. 14C 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



14/23 



+ 



Propagated orders 




FIG. 15A FIG. 15B 



S3 
o 



o 
7^ Q 



9 



O 



\ Collected orders / 



0. 13 



-0.03 -0.01 0.01 
k, (nm)> 



0.03 



NMSE(propagaied orders) = 4% 
NMSE(coliecled orders) = 0.16% 



FIG. 15C 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 




X - position (urn, 1X) X - position (um, 1X) 

FIG. 16 



+ 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



16/23 




± 



50nm 



TZZZZZZZZZZZZZZA 



J 

80nm Cr 



] 



180deg 



1.5 



■o 
a> 

N 
16 

E 



Z3 



3 0.5 



Q. 

E 
< 



edge diffraction (TE-pol ) 
geometrical approximation 
matched BW approximation 



TE 




-0.4 -0.2 0 0.2 

Kim (4X) 

FIG. 17 A 



0.4 



1.5 



0.5 



edge diffraction (TM-pol ) 
geometncal approximation 
matched BW approximation 



TM 




-0.4 -0.2 0 0.2 

\x.rc\ (4X) 

FIG. 17 B 



0.4 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. DM. No. UCALP016) 



17/23 



+ 





0.06 



FIG. 18B 



'-0.03 -0.01 0.01 0.03 

(nm) 1 

NMSE(propagated orders) = 5.7% (was 2.2%) 
NMSE(coIIected orders) = &6e-4 (was 2e-4) 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 
REPLACEMENT SHEET 

18/23 



+ 



B 



a 




s 


U 




ji 




J 5 : - ! ; 

I V 


pi 




\ \ ' 

; ii 1 


1 


1 


y -..■*. i 


m 




— C . Center CO 
• B. Center CD 
— *— A. Contor CO 
— O- C, Lino-End CD 
—e- -B. LIno*End CO 
tr* *A, Uno-End CO 



Defect Location 



F/G. 19A 



FIG. 19B 




vi 



(%1tifl clefec! for 




F/G. 20 



CD=150nm(IX>, 1:1.5 dense 



E y (TE) 

t 



s 




3nm (4X) 




0 1.5 

x mt» (4X) 



F/G. 2fA 



F/G. 27 B 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



19/23 




1.5 
\im (4X) 



2 . 



E y (TE) 

t 



1,5 
Hm (4X) 



FIG. 22A 



FIG. 22B 




FIG. 22C 



FIG. 22D 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



20/23 




FIG. 23 A FIG. 23B 




FIG. 23C FIG. 23D 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 




0 0.75 1.5 2.25 3 

X-position (^im, 4X) 
FIG. 24B 



+ 




U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 



22/23 



+ 




0.375 
Hm ( IX) 



0.375 
(Hm, IX) 



0.75 



FIG. 25A 




(\lm, IX) 



FIG. 25B 



U.S. App. No. 10/677,136 entitled 
"Rapid Scattering Simulation of Objects in Imaging 
Using Edge Domain Decomposition" by K. Adam 
(Atty. Dkt. No. UCALP016) 
REPLACEMENT SHEET 

23/23 



O I 



O 
o I 



o I 
o I 



0.06 



/ \ 
I > 

\ / 

J f \i 

\ Collected orders/ 



-0.03 -o.oi o.oi 
K (my* 



0.03 



o 
o 



o 
o 



£ 
o 



o 









/ 


r 




V 


h 






i * 1 

* 1 




■•15 


1 3 




if 










/ 


L / 


\ Collected orders, 


/ 










* 





-0.03 -0.01 0.01 
k.tnm)-' 



0.03 



F/G. 26/1 



F/G. 26B 



